INTRODUCTION
============

Inflammatory bowel diseases (IBDs), represented by Crohn disease (CD) and ulcerative colitis (UC), are chronic inflammatory diseases characterized by involvement of the gastrointestinal tract and acute exacerbations. Patients with IBD are relatively rare in Korea, unlike in Western countries, but they are gradually increasing in Korea because of the recent westernization of lifestyles \[[@b1-ac-2018-07-21]-[@b3-ac-2018-07-21]\]. From 1986 to 2005, the mean annual incidence of CD was 0.53/10^5^ inhabitants, with an adjusted prevalence of 11.24/10^5^, and the incidence of UC was 1.51/10^5^, with an adjusted prevalence of 30.87/10^5^, representing increases of 0.05/10^5^ and 0.34/10^5^, respectively, at 5-year intervals \[[@b1-ac-2018-07-21], [@b2-ac-2018-07-21]\]. From 2006 to 2012, the mean annual incidence of CD increased significantly to 4.6/10^5^, and that of UC increased to 3.2/10^5^ \[[@b3-ac-2018-07-21]\]. Kim et al. \[[@b3-ac-2018-07-21]\] reported that the bowel resection rates at 1 and 5 years from 2006 to 2012 were 5.0% and 9.1% for CD and 0.8% and 2.1% for UC, respectively.

As the number of patients with IBD increases, the number of surgeries for IBD also increases. However, no accurate statistics for IBD surgeries in Korea have been reported. Our aim in this study was to confirm the current status and trends in IBD surgery in Korea.

METHODS
=======

We used data from the Korea Health Insurance Review and Assessment Service, enrolling patients with Crohn disease (K50) or ulcerative colitis (K51) as a main diagnosis that underwent surgery ([Table 1](#t1-ac-2018-07-21){ref-type="table"}) from January 2009 to October 2016. The collected variables included sex, age range, disease code, behavior code, year of surgery, number of surgeries, and cancer code if patients had colorectal cancer. The number of surgeries performed per year was analyzed overall and by sex and age. We also examined the use of laparoscopic surgery, the presence of colorectal cancer, and the use of biologics. We identified laparoscopic surgery by using behavior codes E7690 and E7691, supplemental codes ADC03, ADC04, ADC05, and a request for treatment material N0031001 at the time of surgery. Colorectal cancer was identified by the use of codes C18, C19, or C20 in the year of the operation or before. We deemed biologics to have been used when the L04AB code was used at any time during the study period, before or after surgery. As an Anatomical Therapeutic Chemical Classification System code 4, L04AB can identify only whether biologics were used; it cannot distinguish whether infliximab (L04AB02), adalimumab (L04AB04), or another biologic was used. This study was approved by the Institutional Review Board of Korea University Anam Hospital (approval number: 2018AN0219) and included a waiver of the requirement to obtain informed consent due to the secondary analysis of existing data.

Descriptive results are presented as the mean for continuous outcomes and as the frequency and percentage for categorical outcomes. To evaluate the annual change in variables, we used linear regression analyses. Statistical analyses were performed using IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, USA). P-values \< 0.05 were accepted as statistically significant. Because the data in 2016 were available until only October, we converted those data to 12/10 values when calculating means or ratios.

RESULTS
=======

Crohn Disease
-------------

In 2009, 597 operations for CD were performed; the number of surgeries then increased until 2013, and since then, it has decreased slightly ([Fig. 1](#f1-ac-2018-07-21){ref-type="fig"}). The mean number of operations per year was 791.8, of which 71.9% were performed in males and 28.1% in females. The sex ratio did not change significantly by year. More than half of the patients who underwent surgery for CD were in their 20's and 30's (20's, 35.9%; 30's, 24.5%). Patients in their teens accounted for 18.8% of the patients, their 40's for 10.9%, their 50's for 5.2%, their 60's for 2.2%, and their 70's for 1.7%; those older than 80 accounted for 0.4%. Patients younger than 10 years of age accounted for only 0.3% of the surgeries. Three types of surgery for CD were performed comparatively evenly: colorectal surgery, 31.2%; small bowel surgery, 29.4%; and anal surgery, 39.4% ([Fig. 2A](#f2-ac-2018-07-21){ref-type="fig"}). Anal surgery for an anal abscess or fistula was the most common. Limited resections, such as hemicolectomies and segmental resections, dominated the colorectal surgeries.

The number of laparoscopic surgeries in CD patients has increased dramatically from 11.6% in 2009 to more than 30% in 2015 ([Fig. 3A](#f3-ac-2018-07-21){ref-type="fig"}). This trend is more pronounced in women than men; 41.6% of women represented laparoscopic surgery cases in 2015. That marked increase in the use of laparoscopic surgery in women has led to a slight increase in the percentage of women who underwent laparoscopic surgery compared to the total number of patients (67.9% for men and 32.1% for women). The age distribution of patients who underwent laparoscopic surgery did not differ significantly from that for all operations (15.1% for patients in their teens, 35.5% for patients in their 20's, 24.3% for patients in their 30's, and 12.5% for patients in their 40's). Because of the nature of the operation, laparoscopic surgery was largely divided between colorectal surgery and small bowel surgery; laparoscopic surgery was particularly prominent in colorectal surgery ([Fig. 2B](#f2-ac-2018-07-21){ref-type="fig"}).

About 8% of all patients receiving operations for CD had colorectal cancer, and that incidence increased slightly by year ([Fig. 3B](#f3-ac-2018-07-21){ref-type="fig"}). Among the CD patient with cancer group, 71.0% were male and 29.0% were female, which were similar to the values for the group of all patient. In terms of age distribution, the percentage in their 50's or older was higher than that in the group of all patients, and that in their 20's or younger was lower (7.8% in teens, 22.7% in 20's, 26.2% in 30's, 16.4% in 40's, 15.3% in 50's, 5.7% in 60's, 4.3% in 70's, and 1.6% aged 80 and older). Colon cancer was dominant, accounting for 82.6% of cancers; 2.2% were rectosigmoid, and 15.3% were rectal. Half of the patients with colorectal cancer received colorectal surgery ([Fig. 2C](#f2-ac-2018-07-21){ref-type="fig"}).

About half of the patients who underwent surgery for CD used biologics pre- or postoperatively ([Fig. 3C](#f3-ac-2018-07-21){ref-type="fig"}), and that number did not change significantly by year. Of the patients who used biologics, 68.8% were men and 31.2% were women. Over the entire period, women were more likely to use biologics (55.4% for women and 47.7% for men). The proportion of young patients using biologics was overwhelmingly high (younger than 9, 0.6%; teens, 20.0%; 20's, 38.0%; 30's, 27.3%; 40's, 10.3%; 50's, 2.8%; 60's, 0.8%; 70's, 0.4%). Anal surgery was performed most frequently in patients using biologics, with an average rate of 44.2% ([Fig. 2D](#f2-ac-2018-07-21){ref-type="fig"}).

Ulcerative Colitis
------------------

The average number of operations for UC per year was 247.6, and that number has stayed relatively consistent since 2009 ([Fig. 4](#f4-ac-2018-07-21){ref-type="fig"}). On average, 61.0% of those patients were male, and 39.0% were female. The sex ratio did not change significantly by year. Of the patients who underwent surgery for UC, 0.5% were younger than 10 years, 4.3% were teenagers, 9.6% were in their 20's, 13.0% in their 30's, 19.1% in their 40's, 22.6% in their 50's, 15.3% in their 60's, 12.2% in their 70's, and 3.3% were 80 or older. Colorectal surgery accounted for more than half of all surgeries performed on UC patients (colorectal surgery, 55.2%; small bowel surgery, 24.6%; anal surgery, 20.2%). A total proctocolectomy (TPC) and ileal-pouch anal anastomosis (IPAA) were performed in 13.7% of these patients ([Fig. 5A](#f5-ac-2018-07-21){ref-type="fig"}).

The proportion of laparoscopic surgery increased rapidly from 23.2% in 2009 to 60% in 2015 ([Fig. 6A](#f6-ac-2018-07-21){ref-type="fig"}). This trend was particularly prominent in women, but the percentage of women who underwent laparoscopic surgery was not significantly different from that in the total population (male, 60.2%; female, 39.8%). The age distribution of patients undergoing laparoscopic surgery was similar to that of the total population, but the proportion of patients in their 50's and 60's receiving laparoscopic surgery was slightly higher (0.3% under 10 years, 2.4% in their teens, 6.6% in their 20's, 9.4% in their 30's, 17.2% in their 40's, 26.1% in their 50's, 20.0% in their 60s, 14.8% in their 70's, and 3.1% older than 80). Colorectal surgery accounted for 77.9% of the laparoscopic surgeries performed for UC ([Fig. 5B](#f5-ac-2018-07-21){ref-type="fig"}).

The proportion of patients who underwent surgery for UC and also had colorectal cancer was high and increased rapidly from 27.0% in 2009 to 79.8% in 2015 (overall mean 44.7%) ([Fig. 6B](#f6-ac-2018-07-21){ref-type="fig"}). Among the patients with UC who also had colorectal cancer, 60.0% were male and 40.0% were female and that did not differ significantly by year. The age distribution of patients with colorectal cancer showed an overall increase in patients in their 50's or older (0.5% in their teens, 3.3% in their 20's, 7.8% in their 30's, 13.6% in their 40's, 26.0% in their 50's, 21.7% in their 60's, 20.6% in their 70's, and 6.5% older than 80). Colon cancer occurred in 61.5% of these patients, rectosigmoid colon cancer in 11.1%, and rectal cancer in 27.4%. The proportion of rectal cancers was higher than it was in CD patients. Colorectal surgery was performed in 73.3% of the patients, and anal surgery was rarely performed in UC patients ([Fig. 5C](#f5-ac-2018-07-21){ref-type="fig"}). Among the colorectal surgeries, 12.6% were anterior resections, 22.5% low anterior resections, and 3.3% abdominoperineal resections, which were significantly increased compared to the overall study population.

The proportion of patients who used biologics for UC increased until 2013 and then decreased slightly ([Fig. 6C](#f6-ac-2018-07-21){ref-type="fig"}). The average use rate was 17.8%. The proportion of males using biologics was slightly higher than that in the total population (64.8% for males and 35.2% for females). In the age distribution of patients using biologics, the proportion of patients under 30 years was higher than it was in the total population, and the rates for patients in their 60's and 70's were significantly lower (0.6% younger than 10 years, 10.5% in their teens, 14.5% in their 20's, 18.6% in their 30's, 23.8% in their 40's, 21.2% in their 50's, 8.1% in their 60's, 2.6% in their 70's). Of the surgical procedures performed in patients using biologics, anal surgery was relatively common at 27.0% ([Fig. 5D](#f5-ac-2018-07-21){ref-type="fig"}).

DISCUSSION
==========

In our study, we confirmed the demographics and the surgical characteristics of patients undergoing IBD surgery in Korea and how those have changed over time. The incidence of laparoscopic surgery increased significantly in patients with both CD and UC, and the rate of operations for cancer increased rapidly in patients with UC. Patients with CD actively used biologics both before and after surgery. These characteristics are all comparable with the trends in other countries.

In patients with CD, the number of operations increased from 2009 to 2013 and then remained steady. On the other hand, the number of operations for UC remained fairly steady throughout our study period. According to previous reports, the incidence and the prevalence of IBD in Korea have increased steadily \[[@b1-ac-2018-07-21]-[@b3-ac-2018-07-21]\]. However, the rate of bowel resections seems to be rather reduced because the number of IBD operations has stagnated as the incidences and the prevalences of UC and CD have continued to increase, although the lack of previous reports renders direct comparison impossible. This trend is also found in other countries. According to Vind et al. \[[@b4-ac-2018-07-21]\], the bowel resection rate in Denmark from 2003 to 2005 was 12% in CD patients and 6% in UC patients, which were lower than the rates reported in the 1990's \[[@b5-ac-2018-07-21], [@b6-ac-2018-07-21]\]. Ma et al. \[[@b7-ac-2018-07-21]\] reported that the rate of surgical operations in CD patients decreased by 3.5% per year between 2002 and 2010; in particular, the rate of emergency surgery decreased by 10.1% per year.

Previous researchers explained that the decrease in the surgery rate was due to the rapid development of drug therapy \[[@b4-ac-2018-07-21], [@b7-ac-2018-07-21]-[@b9-ac-2018-07-21]\]. Because biologics, such as infliximab and adalimumab, have been actively used in recent years, in addition to the traditional 5-aminosalicylic acid, steroids, and azathioprine, UC and CD can be well controlled by medical treatment, allowing the rate of surgery to decrease. New drugs, such as golimumab and vedolizumab, continue to be invented and used, so that tendency is likely to continue. We found that about half of CD patients used biologics and that the number of such patients who underwent anal surgery was relatively high. The use of biologics in patients with UC seems to be lower than it is in patients with CD because UC responds relatively well to traditional medication and does not usually require additional medication after a radical resection. The reader should note that surgery is necessary in certain patients even when they are using biologics, especially in patients with anal lesions. However, because our patients were using biologics both pre- and postoperatively, careful attention should be paid when interpreting our results.

The sex ratio, age distribution, and type of operation in patients with CD and UC in Korea are relatively consistent with general knowledge \[[@b3-ac-2018-07-21], [@b10-ac-2018-07-21]\]. In particular, we confirmed that the rate of anal CD in Korea is high; about 40% of CD patients in this study received anal surgery. We found that the rate of laparoscopic surgery increased significantly in patients with both CD and UC. In recent years, laparoscopic surgery has been performed in about 30% of CD patients and 60% of UC patients. Minimally invasive surgery is popular, especially for colorectal surgery. Laparoscopic TPC with IPAA for UC has become common, and similar or better results than open surgery in terms of both short-term and long-term surgical outcomes have been reported \[[@b11-ac-2018-07-21]-[@b15-ac-2018-07-21]\]. Laparoscopy is also used in CD patients, especially for ileocolonic resections, and the Cochrane review has reported no differences in surgical results between laparoscopic and open surgery \[[@b16-ac-2018-07-21]-[@b18-ac-2018-07-21]\]. Laparoscopic surgery is preferred because CD patients might require several operations during their lifetime, and laparoscopy can reduce postoperative adhesions. This tendency is particularly apparent in women because of laparoscopy's cosmetic advantages.

When we analyzed patients with colorectal cancer, we confirmed many changes in the surgical indications for UC during the study period. The proportion of UC patients with colorectal cancer was only 27.0% in 2009, but it reached 80% in 2015. Because we included patients with a colorectal cancer code that occurred in the year of their operation or earlier, some patients might have been previously diagnosed with colorectal cancer irrespective of their UC status, and others might have been diagnosed with colorectal cancer postoperatively in the year of their operation. However, those cases should present no major problem in confirming the overall tendency. The rate of surgery for colorectal cancer in UC patients was higher than that in CD patients, and recently, most of the patients with UC that underwent surgery had accompanying colorectal cancer recently. The indication for surgery in UC patients has gradually changed from a disease complication, such as medical intractability or toxic megacolon, to malignancy due to the development of medical therapies and the increasing duration of the disease \[[@b7-ac-2018-07-21], [@b19-ac-2018-07-21]-[@b24-ac-2018-07-21]\]. Given present trends, particular attention should be paid to colitis-associated colorectal cancer screening of patients with UC \[[@b25-ac-2018-07-21]-[@b27-ac-2018-07-21]\].

Our study has some limitations. First, the incidence and the prevalence of IBD patients are not known, and information about cumulative surgeries per patient could not be confirmed because our data did not allow us to distinguish individual patients. In addition, short-term and long-term surgical outcomes are not known. Finally, a causal relationship for IBD surgery could not be accurately defined because the biologics and colorectal cancer cohort analyses extracted data as codes in each period. Additional analyses should be performed with raw data, including patient identification information, to produce results that are more accurate. However, our study has important significance in that we used large-scale, nationwide data to analyze about 6,000 cases of CD and 2,000 cases of UC in Korea, where the incidence of IBD is low, and surgery has been performed sporadically until now.

In conclusion, the numbers of patients who underwent surgery for CD and UC in Korea have increased slightly or stayed the same, and the number of laparoscopic operations has increased rapidly. The use of biologics in CD has been active, and anal surgery has been performed in many cases. In UC, the use of colorectal cancer as an indication for surgery has increased markedly.
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###### 

Operation code list

  Surgery               Operative name                         Behavior code
  --------------------- -------------------------------------- ------------------------------------------
  Colorectal surgery    Hemicolectomy/Ileocecectomy            QA671, Q2671
                        Segmental colectomy                    QA673, Q2673
                        Subtotal/total colectomy               Q1261, Q1262, QA672, Q2672
                        Anterior resection                     QA921, Q2921
                        Low anterior resection                 QA922, Q2922, Q2927
                        Abdominoperineal resection             QA923, Q2923
                        Total proctocolectomy with ileostomy   QA925, Q2925
                        Total proctocolectomy with IPAA        QA926, Q2926
                        Hartmann's operation                   QA679, Q2679
  Small bowel surgery   Resection of small intestine           Q2651, Q2650
                        Loop ileostomy                         Q2792
                        Operation for intestinal obstruction   Q2691, Q2692
  Anal surgery          Operation for anal abscess             Q2881, Q2882, Q2883, Q2978,
                        Operation for anal fistula             Q2974, Q2975, Q2976, Q2910, Q2977, Q2979

IPAA, ileal-pouch anal anastomosis.
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